In this paper, we describe how to use the Maximum Reduced Proper Motion method (Phan-Bao et al. 2003) to detect 57 nearby L and late-M dwarfs (d phot ≤ 30 pc): 36 of them are newly discovered. Spectroscopic observations of 43 of the 57 ultracool dwarfs were previously reported in Martín et al. (2010) . These ultracool dwarfs were identified by color criteria in ∼5,000 square degrees of the DENIS database and then further selected by the method for spectroscopic follow-up to determine their spectral types and spectroscopic distances. We also report here our newly measured proper motions of these ultracool dwarfs from multi-epoch images found in public archives (ALADIN, DSS, 2MASS, DENIS), with at least three distinct epochs and time baselines of 2 to 46 years.
INTRODUCTION
Nearby stars are the brightest representatives of their class, and therefore provide observational benchmarks for stellar physics. This is particularly true for intrinsically faint objects, such as stars at the bottom of the main sequence, and brown dwarfs (BDs).
In the last decade, many nearby (d ≤ 30 pc) ultracool dwarfs (>∼M6) have been discovered by using the Deep Near-Infrared Survey of the Southern Sky (DENIS; Epchtein 1997), the Two-Micron All-Sky Survey (2MASS; Skrutskie et al. 1997) , the Sloan Digital Sky Survey (SDSS; York et al. 2000 ) , the United Kingdom Infrared Telescope (UKIRT) Infrared Deep Sky Survey (UKIDSS; Lawrence et al. 2007 ). These ultracool dwarfs have been detected in the two following ways: (1) they were purely selected by color-color criteria and then spectroscopic observations were carried out to determine their ultracool dwarf nature and spectral types (Cruz et al. 2003; Delfosse et al. 1999; Kirkpatrick et al. 1999; Knapp et al. 2004; Lodieu et al. 2007; Martín et al. 1999) ; (2) they are high proper-motion dwarfs (from high proper-motion catalogs or newly discovered) and were selected by color criteria, then followed up by spectroscopic observations (Lépine, Shara, & Rich 2002; Phan-Bao et al. 2001 Reid & Cruz 2002; Scholz, Meusinger, & Jahreiß 2001) .
In Phan-Bao et al. (2003) , we used the Maximum Reduced Proper Motion (MRPM) method to select mid-M dwarfs (2.0 ≤ I − J ≤ 3.0, ∼M6-M8) in the DENIS database. This method allowed us to identify not only high-proper motion (high-pm) M dwarfs but also some with low proper mo-⋆ Corresponding author: e-mail: pbngoc@hcmiu.edu.vn tion (low-pm), such as DENIS-P J1538317−103850 (M5, µ = 20 mas yr −1 ). We then extended our search over the color range of 3.0 ≤ I − J ≤ 4.5 (≥M8) and successfully applied the method to detect 20 new L and late-M dwarfs in the Galactic plane for the southern hemisphere (Phan-Bao et al. 2008) . This was the first search of ultracool dwarfs in this crowded area. The results demonstrate the success of the method, making it a useful tool for hunting ultracool dwarfs in the solar neighborhood.
Here we applied the same technique to identify dwarfs cooler than M8 (I − J ≥ 3.0) at high Galactic latitude in ∼5,000 square degrees of the DENIS database. Fifty seven nearby L and late-M dwarfs were identified by the MRPM method: 36 of them are new, 21 were previously reported in the literature. In this search, we additionally revealed a young ultracool dwarf candidate in the R-CrA molecular cloud region. Martín et al. (2010) presented spectroscopic observations of 43 of the 57 nearby ultracool dwarfs as well as of the new member candidate of R-CrA identified in this paper.
We present selection criteria in § 2. We describe the proper motion measurements in § 3, and the MRPM filtering of the candidates in § 4. § 5 examines the contamination by distant red stars, and discusses some individual interesting objects. We summarize in § 6.
SELECTION CRITERIA
We conducted a systematic search in the DENIS database (available at the Paris Data Analysis Center, PDAC) for potential members of the solar neighbourhood, with simple and well defined criteria. We first selected all DENIS ob- (Table 1) , plotted as solid circles, as well as known late-M and L dwarfs (see Table 1 in Phan-Bao et al. 2008 ; plotted as open triangles). The line represents our linear fit to the colors of the literature dwarfs:
jects which matched |b II | ≥ 15
• (high Galactic latitude) and I − J ≥ 3.0 (expected spectral type later than M8, see Leggett 1992) . We then required that the position of the candidates in the (I − J, J − K) color-color diagram be within J − K = ±0.5 mag of our linear fit to the locus of ultracool dwarfs (Fig. 1) .
At this point we filtered out all candidates within the boundaries of the Magellanic Clouds (Cioni et al. 2000) and of known high-latitude molecular clouds (see Table 2 of Cruz et al. 2003 and references therein) . This eliminated most red giants and reddened blue stars, at the obvious cost of losing the cool dwarfs which happen to overlap a cloud. We then computed photometric distances from the following (I − J, M J ) relation as given in Phan-Bao et al. (2008) and retained the candidates with d phot ≤ 30 pc:
where a 0 = 130.164, a 1 = −124.899, a 2 = 46.948, a 3 = −7.4842, a 4 = 0.4341, valid for 3.0 ≤ I − J ≤ 6.0. The rms dispersion around that fit is 0.30 mag, corresponding to a 14% error on distances. Before measuring proper motions, which is needed for the use of the MRPM method to discriminate between nearby dwarfs and distant giants, we cross-identified the bright candidates (I < 13.0, d phot << 30 pc) with both SIMBAD and the catalogs of red variable stars (e.g. Pojmanski et 
PROPER MOTION MEASUREMENTS
We queried ALADIN 1 and the Digital Sky Survey (DSS) server 2 for publically available scanned plates containing these candidates. Both ALADIN and the DSS archive provide access to the plates of the POSS-I (R-band), SERC-R (R-band), SERC-I (I-band), POSS-II F (R-band), and POSS-II N (I-band) surveys. ALADIN additionally contains digitized images of the ESO-R survey (R-band), which often extend the time baseline enough to significantly reduce the standard error of our proper motion measurements. Forty candidates were detected in R-band. We used SEXTRAC-TOR (Bertin & Arnouts 1996) to extract coordinates of our targets from all available digitized images. We then determined proper motions through a least-square fit to the positions at the three to five available epochs with time baselines spanning 2-46 yr, including DENIS and 2MASS 3 . A few objects with short baselines (e.g., DENIS 0230−0953, Table 2) have large errors. New images for those would greatly extend their epoch coverage and would pinpoint their proper motion. Most of the measurements are of much better quality however, and the lowest confidently measured proper motions are ∼40 mas yr −1 (DENIS 0407−2348, DENIS 0605−2342). Table 2 and 3 list these proper motions and the associated standard errors. These tables include 38 objects with µ ≥ 0.1 ′′ yr −1 and 22 with µ ≤ 0.1 ′′ yr −1 . Eight of the 38 objects were previously reported as high-pm ultracool dwarfs in Deacon et al. (2005) .
L AND LATE-M DWARF CANDIDATES SELECTED BY MAXIMUM REDUCED PROPER MOTION
As in our search for nearby mid-M dwarfs (Phan-Bao et al. 2003) , we use the MRPM method to reject giants. This method uses the reduced proper motion (H = M + 5log(V t /4.74) = m + 5 + log(µ)) versus color diagram, where nearby ultracool dwarfs and distant giants segregate very cleanly. We use the color-magnitude relation of giants to compute the maximum reduced proper motion that a red giant can have at a given color by setting its tangential velocity to the Galactic escape velocity, for which we adopt a conservative 800 km s −1 . We then declare any object with a reduced proper motion well above (> 3σ) that value for its color to be a dwarf.
To use this method here for the cooler dwarfs (M8-L8), we had to extend the maximum reduced proper motion curve of giants towards redder colors (I − J ≥ 3.0), adding . Objects well above this curve (e.g., > 3σ) must be dwarfs. Two objects classified as red, distant stars are indicated: DENIS 1647−1156 and DENIS 1716−0315. DENIS 1901−3700 is above the curve but within 2σ, see § 5 for further discussion. Thé et al. (1990) . The dashed curve represents our cubic least-square fit to the data. cooler giants from Fluks et al. (1994) to the Bessell & Brett (1988); Thé et al. (1990) sample used in Phan-Bao et al. (2003) . The following cubic least-square fit (see Fig. 2 ) is valid for 3.0 ≤ I − J ≤ 4.5, or dwarf spectral types between M8.0 and L8.0:
The rms dispersion around the fit is 0.1 mag. (Table 2) . DENIS 1901−3700 (further discussed in § 5) is in the dwarf part of the diagram but within 2σ of the limit. The remaining two (see Table 3 ) are within 1σ, they are therefore likely red, distant objects. Nineteen of the 57 ultracool dwarfs have proper motions under 0.1 ′′ yr −1 , giving a significant ∼33% fraction of low-pm ultracool dwarfs in our sample. Figure 3 demonstrates that the final target sample was only little (∼3%) contaminated by distant red objects. The large majority of distant red objects had been previously rejected by the (I − J, J − K) color-color filtering and the literature check. The faint I-band magnitudes of the remaining candidates (I ≥ 16) which could not be associated with a known giant star made it unlikely that they could be unrecognized ones: a giant with I−J ≥ 3.0 (∼M8) has an I-band absolute magnitude M I ≥ −3.0 (Fluks et al. 1994) , which for I ≥ 16 gives a minimum distance of ∼60 kpc, outside our Galaxy. Finally, our restriction to high Galactic latitudes (|b II | ≥ 15 • ) and our rejection of objects which overlap known molecular complexes (mostly) eliminated reddened bright stars as contaminants. Within those restrictions, and for application where a small residual contamination is acceptable, one could thus in principle dispense with the MRPM filtering.
DISCUSSION
Using our M J vs. I − J calibration, we estimated distances for all 57 ultracool dwarfs, and then computed tangential velocities, (see Table 2 ). One should note that Table 2 does not list these estimates for DENIS 1901−3700, a member candidate of the R-CrA molecular cloud region (Martín et al. 2010 ) (see below). Four of the dwarfs have V t above 80 km s −1 (DENIS 0014−4844, DENIS 0641−4322, DENIS 1633−7553, and DENIS 2150−7520) , and could thus have reduced metallicities. All ultracool subdwarfs (I− J ≥ 2.0, later than ∼sdM9) known to date however have J −K < 0.7 (e.g., Table 7 in Burgasser, Cruz & Kirkpatrick 2007 and references therein). The J − K ≥ 0.89 of these four stars therefore make it unlikely that they are true subdwarfs, they could still have somewhat subsolar metallicities.
One should note that some of the 57 ultracool dwarfs could be unresolved binaries, whose distances are underestimated by up to √ 2. Reid et al. (2006) recently reported that DENIS 0147−4954 (as 2MASS 0147−4954) is an M8+L2 binary.
We estimate spectral types for the 57 ultracool dwarfs from their I − J color. A linear least-squares fit (Fig. 4) to the data of 34 late-M, and L dwarfs (Table 1 in Phan-Bao et al. 2008) gives the following color-spectral type relation: SpT = 7.39(I − J) − 14.28, σ = 0.87, where SpT is the spectral subtype, counted from 8.0 for spectral type M8.0 to 18.0 for spectral type L8.0. Table 2 lists the resulting spectral types for the 57 ultracool dwarfs, with a standard error of about 1 subclass. Figure 5 shows a comparison of our estimated spectral types of 43 ultracool dwarfs with the spectroscopically determined ones of Martín et al. (2010) . Some objects have large deviations, e.g., DENIS 0240−5305 and DENIS 1359−4034, clearly due to large photometric uncertainties.
DENIS 1901−3700 is above our MRPM curve within 2σ. The large relative error on its proper motion makes its true position in the (H I , I − J) diagram uncertain, reddening probably contributes to that situation as the object lies just outside our mask for the R Coronae Australis molecular cloud. The extremely red color of DENIS 1901−3700 (I − J = 3.71) likely reflects a combination of reddening with a red intrinsic spectrum. Martín et al. (2010) reported that DENIS 1901−3700 has a low surface gravity and M8 spectral type and is a member candidate of the R-CrA region. However its spectrum does not show strong Hα emission as seen in DENIS-P J1859509−370632 (Bouy et al. 2004 ). Further observations are required to confirm its membership in R-CrA or its status as a background star. DENIS 1647−1156 is above the MRPM curve within 1σ and it is a reddened main sequence star (M. Bessell, private communication) . As the star is in the general vicinity of the LDN 204B dark nebula, it is probably reddened by dust associated with that region. DENIS 1716−0315 lies on the curve and the source is a giant star (Martín et al. 2010) . This results in a fraction of about 3% contaminated by red, distant stars in our sample of nearby ultracool dwarfs.
SUMMARY
In this paper, we have shown how to use the MRPM method to detect 57 nearby L and late-M dwarfs in the DENIS database. We measured proper motions of these ultracool dwarfs: 38 with high-pm and 19 with low-pm, giving a significant ∼33% fraction of low-pm ultracool dwarfs in our sample. These sources are in the solar neighborhood and cooler than M8. They are therefore new targets for a search of planets around ultracool dwarfs. Their detection demonstrates the success of the MRPM method that can be used in the future to complete the search of nearby ultracool dwarfs in the Galactic plane (the northern hemisphere part).
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Fig. 5
Comparison of our photometrically estimated spectral types of 43 ultracool dwarfs with the spectroscopically determined ones of Martín et al. (2010) . Two objects DENIS 0240−5305 and DENIS 1359−4034, which have large deviations, are indicated with error bars on the I − J color.
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